ABSTRACT
Mullerian duct abnormalities are congenital malformations that are easily missed and can lead to incorrect diagnosis and unnecessary operative procedures. In this case, a young female presented with cyclic pelvic pain that continued after previous surgical resection of an ovarian cyst. Further investigation with clinical examinations and multimodality imaging demonstrated ipsilateral renal agenesis and a Class III Mullerian duct anomaly (MDA) requiring a second operative procedure. It is believed that this case is a variant of the described obstructed hemi-vagina with ipsilateral renal agenesis (OVIRA) anomaly as pathologically there was ipsilateral renal agenesis and complete vaginal agenesis in our case. It is imperative to have a high clinical suspicion of mullerian duct abnormalities when encountering a patient with other urogenital anomalies. This will decrease the amount of misdiagnoses, guide appropriate surgical intervention, and decrease the risk of future reproductive complications.
CASE REPORT
A 13-year-old pre-pubertal female was seen in the pediatric emergency room at our institution for a complaint of lower abdominal pain for two days. This pain was first worked up at another local hospital over 6 months ago, and the patient was told that it was due to a ruptured ovarian cyst, which was surgically excised along with her appendix. The patient has since had dysmenorrhea requiring increasing pain control. On presentation the patient appeared uncomfortable, but in no visible distress. On physical exam, she had abdominal tenderness in the left lower quadrant, but no distention, or palpable organomegaly. Urinalysis, complete blood count (CBC), complete metabolic panel (CMP), and urine pregnancy test were all negative.
Transabdominal ultrasound demonstrated widely divergent uterine corpi, raising the index of suspicion for uterine duplication anomaly. A normal appearing uterus and cervix were identified on the right (figure 1). On the left, the endometrial cavity was markedly distended with complex fluid, consistent with hematometra (figure 1). A complex cyst superior to the urinary bladder was initially presumed to be a complex left ovarian cyst. Renal evaluation revealed an absent left kidney corroborating the diagnosis of uterine duplication anomaly, most likely uterine didelphys. Transvaginal imaging could not be performed and the patient was referred to MRI for more precise imaging of the left lower uterine segment and cervix, which were not clearly identified on transabdominal ultrasound.
Magnetic resonance imaging (MRI) of the pelvis utilizing multiplanar T2 and T1 sequences demonstrated widely divergent right uterus and left lower uterine segments with the uterine volume of the right horn significantly smaller than the left (figure 2). The left lower uterine horn appeared to be distended with heterogeneous T2 /high T1 signal fluid, suggesting the presence of subacute blood products and may possibly extend into the endocervix/vagina. The distended lower uterine segment appeared to correspond with the cystic structure demonstrated on ultrasound, and was contiguous with a distended left uterine body/fundus seen more superiorly. A distended tubular high T2/high T1 signal structure was noted to extend to the left ovary which is seen superior to the distended left uterus, compatible with hematosalpinx ( figure  2 ). Both ovaries appeared within normal limits and the remaining pelvic structures were unremarkable. Limited coronal imaging of the lower abdomen confirmed absence of the left kidney as noted on prior ultrasound. Collectively these findings suggested hematometra on the left with evidence of a Class III Mullerian duct anomaly, such as didelphys uterus.
After the initial MRI, the patient had a physical exam under sedation demonstrating a single cervical opening tilting in the direction of the expected right uterine horn. Two days later, an additional MRI of the pelvis was performed to further assess the patency of the uterine segments and correlate with physical exam findings. Multiplanar non-fat saturated FSE T2 sequences were obtained upon administration of sterile saline plus sterile ultrasound gel into the vaginal fornix via a small sterile catheter. High T2 signal was seen in the vaginal fornix and extended into a normal appearing cervix and uterine horn, confirming patency on the right and corresponding to physical exam findings performed by the surgeon (figure 3).
The left uterine horn and distended, blind-ending left lower uterine segment ended in intermediate signal tissue at the superior aspect of what appeared to be the vagina as noted on prior MRI (figure 4). There was no vaginal opening or other external connection to these structures.
On the basis of the above clinical and radiologic findings, the patient was taken to surgery. The patient underwent a left total hysterectomy and left salpingectomy and upon further intraoperative evaluation a normal right uterus, fallopian tube, ovary and corpus luteum were demonstrated. The left uterus was distended with mixed blood products narrowing into what appeared to be a markedly dilated blind-ending structure and fallopian tube filled with blood. It was unclear whether this blind-ending structure contained vagina or uterus from gross evaluation. The omentum, fallopian tube, and dilated uterine structure were dissected from the peritoneum sparing the mesosalpinx and a normal left ovary. No significant blood loss occurred and the patient did not require additional blood products.
The specimen, labeled left vagina, uterus, and fallopian tube was sent to pathology for frozen section. It consisted of an 8 x 2.5 x 2.5 cm uterus with cervix, fallopian tube, and what appeared to be vagina weighing 78 grams. Upon sectioning, it contained red bloody fluid with a smooth endometrial cavity. The left fallopian tube measured 8 x 3.5 x 2 cm and was severely dilated near the fimbriated end, which measured 3 x 2.5 x 2 cm and demonstrated multiple cysts containing bloody material (figure 5).
No squamous epithelium, which is normally found in transformation zone, exocervix, and vagina, was identified (figure 6). A blind-ending distended uterus with endocervix and hematosalpinx were identified. Cysts at the fimbriated end of the fallopian tube were believed to represent mesothelial cysts and consistent with paratubal adenomatoid tumors, benign entities. No rudimentary hemivagina, transverse, or vertical septum was identified.
The patient had an unremarkable post-operative course and was discharged two days later.
In our case, the patient had a Class III Mullerian duct that demonstrated some features that were similar to obstructed hemi-vagina with ipsilateral renal agenesis (OVIRA) anomaly, which presents with a didelphys uterus, absence of the ipsilateral kidney, and a hemivagina. The cause of OVIRA can be related to damage of the caudal portion of the Wolffian duct. It is believed that insult occurs from embryonic arrest at 8 weeks of gestation that simultaneously affects the adjacent Mullerian and metanephric ducts. The defect may also occur as early as the 4th week of gestation and can affect both the mesonephric ducts and ureteral buds. The mesonephric duct, which is maldeveloped, does not allow crossover of the mullerian duct and consequent fusion. This results in a didelphys uterus and obstruction of the ipsilateral horn and the vagina [10] . Additionally, patients with uterus didelphys may present with a unilateral hemivaginal septum causing obstruction with hematometrocolpos [5] . While a complete or partial vaginal septum is associated with this anomaly in 75% of cases there was no vaginal septum in this case. Although left renal agenesis is present in our case, it is unique from the classically described OVIRA anomaly in that there is no vaginal tissue and proves to lie on a spectrum of this class of anomalies [6, 7] .
This was confirmed by the fact that there was no squamous cell epithelium to suggest the presence of vaginal tissue and only endocervix existed.
Mullerian duct anomalies have been separated into many classification systems over the years, but perhaps the most well known separates these anomalies into classes that demonstrate similar clinical manifestations, treatment, and prognosis. Although prevalence has ranged from 0.16-10% overall in various studies, one study employing a Medline search showed the prevalence of uterine anomalies subtypes in the general population was approximately 0.50%. In this study the prevalence of subtypes throughout the studied cases was 7% for arcuate, 34% for septate, 39% for bicornuate, 11% for didelphic, 5% for unicornuate, and 4% for hypoplastic/aplastic/solid and other forms [9] .
According to the American Fertile Society classification system, there is a spectrum of Mullerian duct anomalies and they each present with unique imaging features. Class I anomalies consist of segmental agenesis and a spectrum of DISCUSSION uterovaginal hypoplasia. On MR imaging of Class I anomalies there can be the absence or anomalies of the uterus and upper vagina, and varying differences of lower vaginal development. These anomalies can be accurately seen on a combination of sagittal and axial imaging. Normal ovaries are present. Class II anomalies include unicornuate uteri, which includes both partial or complete hypoplasia. T2-weighted MR imaging of Class II anomalies reveals a unicornuate uterus, which is curved and elongated with narrowing of the fundal portion off midline. The rudimentary horn displays lower signal intensity. Class III includes a spectrum known as uterus didelphys which duplication of the uterus is a result of complete nonfusion of the mullerian ducts. On T2-weighted MR imagining, two separate normal-sized uterine horns and cervices are visualized. The two uterine horns are usually widely separated and the endometrial and myometrial widths are preserved.
Class IV anomalies only demonstrate partial nonfusion of the superior segments of the uterovaginal canal and are known as bicornuate uteri. MRI demonstrates that in the external fundal myometrium there are uterine horns separated by an intervening cleft longer than 1 cm. There is normal zonal anatomy visualized in each horn and a dividing septum composed of myometrium. Class V anomalies are unique in that they represent disorders in resorption of the uterovaginal septum and include septate uteri.
On T2-weighted MR images taken parallel to the long axis of the uterus there is a convex, flat, or concave (<1cm) outer uterine contour and fibrous septa are visualized. Class VI anomalies demonstrate partial resorption of the uterovaginal septum and Class VII anomalies result from exposure to diethylstilbestrol (DES) in utero and reveal a classic "t-shaped" configuration of the uteri [1, 7] . Variations and sub-organizations of these classes have been offered throughout the literature, but these subtypes serve to classify the primary uterine defect.
Clinically, the spectrum of class III anomalies usually present due to symptoms from obstruction. Almost uniformly this presentation occurs at menarche when the hemiuterus or hemivagina becomes symptomatic and the patient experiences cyclical dysmenorrhea. This results in retrograde menstrual flow and may present as a unilateral abdomino-pelvic mass that terminates in a bluish bulge in lateral vaginal wall on physical examination. The nonobstructive, asymptomatic additional uterus is usually found when the patient becomes symptomatic during a pelvic examination and imaging is required or on another incidental imaging exam [4] . Complications associated with this disorder are endometriosis, pyosalphinx, pyocolpos and pelvic adhesions. Intraoperatively a didelphys uterus with hematometrocolpos may be mistaken for a ruptured ovarian cyst if a thorough evaluation is not performed [2, 3] . Additionally, while women with this anomaly are at an increased risk for unfavorable obstetric outcome, attempts should be made to preserve the affected uterus if possible because successful pregnancy could occur on either side [8] .
When encountering a patient with urogenital anomalies it is imperative to consider mullerian duct anomalies as well. It is important to consider variants of commonly known conditions especially when a patient is presenting with lower abdominal pain. This will decrease the amount of misdiagnoses, guide appropriate surgical intervention, and decrease the risk of future reproductive complications. 
